Introduction
============

In response to growing fears of an obesity pandemic,[@b1] the National Child Measurement Programme (NCMP) was established in 2005 to annually record the weights and heights of schoolchildren in Reception year (age 4--5 years) and Year 6 (age 10--11 years) attending non-specialist maintained state schools in England. The findings are used to inform planning and delivery of local services and document trends in childhood overweight and obesity. For the purposes of the NCMP, overweight is defined as a body mass index greater than or equal to the 85th percentile but less than the 95th percentile; obesity is defined as a body mass index greater than or equal to the 95th percentile. NCMP data for 2006--2007 showed an obesity prevalence of 9.9% in Reception and 17.5% in Year 6. Prevalence of overweight was 13.0% in Reception and 14.2% in Year 6. Obesity has been found to be consistently more prevalent among boys than among girls in both year groups.[@b2; @b3; @b4] In 2008, the UK government announced its ambition to reduce the proportion of overweight and obese children to 2000 levels by 2020 as part of its overall goal of reversing the rising tide of unhealthy weight in the population.[@b5]

Some studies looking at a small geographical area have concluded that there is no association between deprivation and childhood obesity,[@b6] [@b7] whereas other small area studies have shown a positive association between obesity and both deprivation and affluence.[@b8] [@b9] Analysis of the NCMP data across England since 2006--2007 shows a clear association between deprivation and obesity prevalence in both Reception and Year 6. No meaningful association was shown between deprivation and overweight.[@b2; @b3; @b4] Detailed interactive maps showing the geographical association between childhood obesity prevalence and deprivation are available online at the National Obesity Observatory website (<http://www.noo.org.uk/visualisation/eatlas>).

The NCMP\'s analysis was based on Indices of Multiple Deprivation (IMD) summary scores for each school area. In England, the IMD are used widely as a measure of deprivation across the country and as a tool to determine an area\'s eligibility for specific government funding streams. The NCMP analysis up to 2009--2010 used IMD 2007 scores, which are based on data from 2004 to 2005. The IMD 2010, released in March 2011, are based on data from 2007 to 2008,[@b10] providing a more up-to-date picture of deprivation over the period in which the NCMP has been under way. This allows a more accurate analysis of the contemporary association between deprivation and childhood overweight/obesity to be undertaken. Overall, the IMD 2010 shows broadly similar results to the IMD 2007, with 66% of areas in England in the same decile of the IMD 2010 as they were in the previous version. Similarly, there is little change at the top and bottom of the rankings ([table 1](#tbl1){ref-type="table"}). The broad agreement between the 2010 and 2007 IMDs masks some important shifts, however, including significantly greater deprivation in some highly deprived areas (relative to other local authorities); large increases in relative deprivation for coastal areas; and relative improvement in Inner London.[@b11] Using local authority IMD 2010 scores, this study investigates the relationship between deprivation and childhood overweight/obesity from 2007 to 2010.

###### 

Comparison of IMD 2007 and IMD 2010[\*](#table-fn1){ref-type="table-fn"}

                                                     IMD 2007                        IMD 2010
  -------------------------------------------------- ------------------------------- -------------------
  Ten most deprived local authorities (IMD score)    Liverpool (46.97)               Liverpool (43.45)
  Hackney (46.10)                                    Hackney (42.89)                 
  Tower Hamlets (44.64)                              Newham (41.84)                  
  Manchester (44.50)                                 Manchester (41.13)              
  Knowsley (43.20)                                   Knowsley (41.01)                
  Newham (42.95)                                     Blackpool (40.39)               
  Islington (38.96)                                  Tower Hamlets (39.59)           
  Middlesbrough (38.94)                              Middlesbrough (37.62)           
  Birmingham (38.67)                                 Birmingham (37.54)              
  Kingston upon Hull (38.31)                         Kingston upon Hull (37.53)      
  Ten least deprived local authorities (IMD score)   Chiltern (7.02)                 St Albans (7.75)
  Uttlesford (6.94)                                  Rushcliffe (7.61)               
  Mid Sussex (6.94)                                  Harborough (7.57)               
  Waverley (6.86)                                    Elmbridge (7.24)                
  West Oxfordshire (6.67)                            Waverley (7.14)                 
  South Cambridgeshire (6.55)                        South Cambridgeshire (7.11)     
  South Northamptonshire (6.46)                      South Northamptonshire (7.03)   
  Surrey Heath (5.75)                                Surrey Heath (6.89)             
  Wokingham (5.36)                                   Wokingham (5.45)                
  Hart (4.13)                                        Hart (4.47)                     

Based on local authorities that existed both before and after the 2009 boundary changes (N=316).

IMD, Indices of Multiple Deprivation.

Methods
=======

Data sources
------------

A data set was constructed from NCMP data and local authority IMD 2010 scores. Local authorities were the smallest geographical unit for which all the required data were readily available. Reception and Year 6 rates of obesity and overweight were obtained from the Eastern Public Health Observatory website (<http://www.erpho.org.uk>) for 2007--2008, 2008--2009 and 2009--2010 for all local authorities in England. Data for 2006--2007, the first year of NCMP results, were only available for upper tier local authorities and therefore were not included in the data set. Formal ethical approval for the study was not required as the data set comprised entirely of routine publicly available data.

IMD 2010 local authority deprivation scores were obtained from the Office for National Statistics website (<http://www.neighbourhood.statistics.gov.uk>). The indices are based on national routine data, including Census data, and cover a broad range of economic, social and housing issues, with each index composed of a number of indicators for a different aspect of deprivation. The IMD 2010 covered seven distinct domains: Income Deprivation, Employment Deprivation, Health Deprivation and Disability, Education Skills and Training Deprivation, Barriers to Housing and Services, Living Environment Deprivation and Crime. IMD summary scores combine these indices to provide a single deprivation score for each area.

Changes were made to local authority boundaries in 2009, which meant that some local authorities were abolished and some new ones created. Three hundred and fifteen local authorities (89%) were included in the analysis of 2007--2008 data, and 323 local authorities (99%) were included in the analysis of 2008--2009 and 2009--2010 data. There were 354 local authority districts in England prior to the 2009 boundary changes and 326 following the changes. The IMD 2010 applies to post-boundary change local authorities and therefore those which did not exist after 2009 were excluded from the analysis. NCMP data for City of London and Hackney had been combined to avoid disclosure of small numbers. Similarly, the data for the Isles of Scilly had been combined with the pre-2009 local authority of Penwith. This prevented meaningful analysis with IMD scores and therefore City of London, Hackney and the Isles of Scilly were excluded from the data set.

Statistical analysis
--------------------

The data were analysed using StatsDirect statistical software. Standard parametric correlation analysis (Pearson\'s r) was carried out to measure the strength of the linear relationship between the IMD 2010 and the prevalence (by percentage) of overweight in Reception and Year 6 for each year of NCMP data. Changes in these correlations between 2007--2008 and 2009--2010 were tested for statistical significance using the Fisher r-to-z transformation. After first plotting the variables to check for a linear relationship, ordinary least squares linear regression modelling was then used to quantify the association between each set of overweight prevalence data (dependent variable) and the IMD 2010 (independent variable). The same method was used to measure the association between the prevalence of obesity and the IMD. Finally, a sensitivity analysis was conducted to test the impact of the changes in local authority boundaries on the results. This was done by repeating the correlation analysis and regression modelling using only the 315 local authorities included in the analysis of the 2007--2008 data (see [appendix 1](#app1){ref-type="app"}).

Results
=======

Overweight and deprivation
--------------------------

The prevalence of overweight in Reception in 2007--2008 ranged from 7.4% to 19.4%, with a mean of 13.1%. Prevalence in Reception in 2009--2010 ranged from 7.7% to 17.9%, with a mean of 13.4%. The prevalence of overweight in Year 6 in 2007--2008 ranged from 10.1% to 19.1%, with a mean of 14.2%. Prevalence in Year 6 in 2009--2010 ranged from 10.6% to 19.2%, with a mean of 14.6% ([table 2](#tbl2){ref-type="table"}).

###### 

Descriptive statistics for childhood overweight and obesity data

  Year                                               Reception                   Year 6                                                                                      
  -------------------------------------------------- --------------------------- ------------------------- ------------- ----------------------- --------------------------- -------------
  Overweight                                                                                                                                                                 
   2007--2008[\*](#table-fn2){ref-type="table-fn"}   East Cambridgeshire (7.4)   Ryedale (19.4)            13.1 (2.01)   Aylesbury Vale (10.1)   Ribble Valley (19.7)        14.2 (1.33)
   2008--2009[†](#table-fn3){ref-type="table-fn"}    Selby (6.7)                 West Oxfordshire (20.5)   13.3 (1.93)   Blackpool (11.4)        North Warwickshire (18.5)   14.3 (1.14)
   2009--2010[†](#table-fn3){ref-type="table-fn"}    Selby (7.7)                 Halton (17.9)             13.4 (1.66)   Mole Valley (10.6)      Harlow (19.2)               14.6 (1.26)
  Obesity                                                                                                                                                                    
   2007--2008[\*](#table-fn2){ref-type="table-fn"}   Adur (3.9)                  Stockton-on-Tees (16.2)   9.3 (1.98)    Waverley (10.9)         Southwark (26.0)            17.5 (3.10)
   2008--2009[†](#table-fn3){ref-type="table-fn"}    Maldon (4.7)                Westminster (14.7)        9.2 (1.85)    Brentwood (10.9)        Southwark (26.7)            17.5 (2.99)
   2009--2010[†](#table-fn3){ref-type="table-fn"}    Adur/Rushcliffe (5.4)       Southwark (14.7)          9.4 (1.86)    Waverley (10.7)         Westminster (28.6)          17.9 (3.24)

N=315.

N=323.

The prevalence of overweight was not statistically significantly correlated with local authority IMD 2010 scores in Reception for 2009--2010 (r=0.095, p=0.092), and only weakly associated in the preceding 2 years. Year 6 overweight prevalence was weakly associated with IMD scores in 2009--2010 (r=0.184, p=0.001). Over the 3-year period, there was no statistically significant change in correlation between overweight and IMD in either Reception (z=0.2, p=0.842) or Year 6 (z=0.3, p=0.764) ([table 3](#tbl3){ref-type="table"}).

###### 

Correlations and linear regression models for the relationships between Reception and Year 6 overweight prevalence, 2007--2010, and local authority IMD 2010 scores

                                                    Reception   Year 6                                           
  ------------------------------------------------- ----------- -------- ------- ------- ------- ------- ------- ---------
  2007--2008[\*](#table-fn4){ref-type="table-fn"}   0.111       0.012    0.027   0.049   0.207   0.043   0.033   \<0.001
  2008--2009[†](#table-fn5){ref-type="table-fn"}    0.114       0.013    0.027   0.039   0.152   0.023   0.021   0.006
  2009--2010[†](#table-fn5){ref-type="table-fn"}    0.095       0.009    0.019   0.092   0.184   0.034   0.028   0.001

N=315.

N=323.

IMD, Indices of Multiple Deprivation.

Obesity and deprivation
-----------------------

The prevalence of obesity in Reception in 2007--2008 ranged from 3.9% to 16.2%, with a mean of 9.3%. Prevalence in Reception in 2009--2010 ranged from 5.4% to 14.7%, with a mean of 9.4%. The prevalence of obesity in Year 6 in 2007--2008 ranged from 10.9% to 26.0%, with a mean of 17.5%. Prevalence in Year 6 in 2009--2010 ranged from 10.7% to 28.6%, with a mean of 17.9% ([table 2](#tbl2){ref-type="table"}).

In 2009--2010, local authority IMD 2010 scores were strongly correlated with obesity rates in Reception (r=0.625, p=\<0.001) and Year 6 (r=0.733, p=\<0.001). The association was statistically significant in both Reception and Year 6 for all 3 years of data ([table 4](#tbl4){ref-type="table"}). The R^2^ figure shows that IMD accounted for 39.1% of the variation in obesity prevalence in Reception and 53.8% in Year 6 for 2009--2010. The change in correlation between obesity and IMD over the 3-year period was not statistically significant in either Reception (z=−1.64, p=0.101) or Year 6 (z=0.19, p=0.849).

###### 

Correlations and linear regression models for the relationships between Reception and Year 6 obesity prevalence, 2007--2010, and local authority IMD 2010 scores

                                                    Reception   Year 6                                             
  ------------------------------------------------- ----------- -------- ------- --------- ------- ------- ------- ---------
  2007--2008[\*](#table-fn6){ref-type="table-fn"}   0.539       0.290    0.127   \<0.001   0.740   0.547   0.273   \<0.001
  2008--2009[†](#table-fn7){ref-type="table-fn"}    0.612       0.375    0.136   \<0.001   0.737   0.543   0.265   \<0.001
  2009--2010[†](#table-fn7){ref-type="table-fn"}    0.625       0.391    0.140   \<0.001   0.733   0.538   0.285   \<0.001

N=315.

N=323.

IMD, Indices of Multiple Deprivation.

Discussion
==========

There are clear inequalities in childhood obesity rates in England. The association between deprivation and childhood obesity prevalence was substantial. In the case of Reception obesity, this inequality increased notably from 2007 to 2010. There was no meaningful association between deprivation and overweight at Reception and Year 6 over the same period.

The data used in the study present some limitations. The NCMP has not achieved 100% participation, and participation bias is likely to have resulted in some underestimation of Year 6 obesity rates for 2007--2008 and 2008--2009. This was due to obese children being more likely to opt out of being measured than other children.[@b4] In 2009--2010, the overall participation rate for the NCMP across Reception and Year 6 combined was 93%, with a small number of areas achieving \<90% participation. This compares with a 90% overall participation rate in 2008--2009 and 88% in 2007--2008. More detail on data quality and validation issues can be found in the NCMP\'s own annual reports and other supporting documents.[@b2; @b3; @b4] [@b12] [@b13] Another limitation is that local authorities are not comparable geographical units, with some considerable variation in scale and size of population. Also, the changes in local authority boundaries in 2009 mean that the data subset for 2007--2008 is not completely comparable with that of subsequent years. However, the sensitivity analysis demonstrated that these changes had no meaningful impact on the outcome of the analysis (see [appendix 1](#app1){ref-type="app"}). The IMD also have some limitations.[@b14] They are not a direct measure of deprivation, and therefore, an area with an IMD score of 50, for example, cannot be said to be twice as deprived as one with a score of 25. Changes in an area\'s IMD score over time are based on how its level of deprivation has changed relative to other areas. This limits meaningful comparison of scores over time in a single area but is less of an issue when analysing changes in inequalities across all areas, as with this study. Also, it has been suggested that the IMD are biased against rural areas, where deprivation is more heterogeneous. Despite these limitations, the IMD provide the best available means of comparing area deprivation in England.

While this study shows clear overall patterns of association between deprivation and childhood obesity in England, it may mask variations in that association between and within individual local authorities. Also, as with any ecological analysis, causation cannot be inferred from the results. Unlike studies investigating the attitudes and circumstances of individuals,[@b15; @b16; @b17] this study cannot offer insight into the causes of childhood obesity or what lies behind the association between childhood obesity and deprivation. However, the strength of this study in comparison with previous analyses of the NCMP data is in using a more up-to-date measure of deprivation to quantify the association between local authority deprivation and childhood overweight and obesity.

The association between deprivation and childhood obesity in England reflects that in the USA and other developed countries.[@b18] The absence of a meaningful association between deprivation and childhood overweight is likely to be the result of various social and cultural changes over recent decades, which have simultaneously increased children\'s energy intake and decreased their energy expenditure across the socioeconomic spectrum.[@b19] Efforts to prevent unhealthy weight in children are therefore needed in all local authorities, irrespective of their level of deprivation, although children in more deprived areas are at greater risk of going on to become obese. As deprivation is more strongly linked to obesity risk in Year 6 than in Reception, preventive intervention may be more effective at an earlier stage, before factors linked to deprivation have their full impact. Differences in parents\' beliefs about appropriate infant size, growth and feeding behaviour have been found to be early predictors of childhood obesity,[@b17] suggesting that routine contact with health services by pregnant women and new parents may present a valuable opportunity to deliver obesity prevention education. Any intervention, however, will need to be part of a broad approach to tackling childhood obesity, addressing factors that contribute to the obesogenic environment.[@b20] Such a strategy would need to tackle issues of food supply and the marketing of food and drinks to children, create environments conducive to physical activity, communicate health messages more effectively and improve access to community-wide programmes and health services.[@b21] No single intervention is likely to provide the solution in isolation, as childhood obesity results from an interplay of various causal factors,[@b22] the nature of which remains to be fully understood. For example, popular perceptions that neighbourhood variations in access to fast food outlets are an important determinant of obesity in young people have been shown to be overly simplistic.[@b23] Failure to improve the lifestyles of future generations of children, however, particularly in more deprived areas, will inevitably lead to greater morbidity and further burdening of health services in years to come.
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To test the impact of the 2009 changes in local authority boundaries, a sensitivity analysis was conducted. The regression modelling was repeated using only data for local authorities with boundaries that remained unchanged from 2007 to 2010, excluding the local authorities removed from the data set because of combined rates (N=315).

The results of the sensitivity analysis show that there remains no meaningful association between childhood overweight and IMD 2010 from 2007 to 2010 after removing from the analysis those local authorities, which existed only before or after 2009 ([table AI](#tblAI){ref-type="table"}). The substantial association between childhood obesity prevalence and IMD 2010 over the same period also remains ([table AII](#tblAII){ref-type="table"}). In both sets of analysis, the correlation coefficients and regression output vary only slightly from those reported in the main body of the study.

###### 

Correlations and linear regression models for the relationships between Reception and Year 6 overweight prevalence, 2007--2010, and local authority IMD 2010 scores for local authorities that remained unchanged during that period (N=315)

               Reception   Year 6                                           
  ------------ ----------- -------- ------- ------- ------- ------- ------- ---------
  2007--2008   0.111       0.012    0.027   0.049   0.207   0.043   0.033   \<0.001
  2008--2009   0.115       0.013    0.027   0.041   0.150   0.022   0.020   0.008
  2009--2010   0.097       0.009    0.019   0.085   0.184   0.034   0.028   0.001

IMD, Indices of Multiple Deprivation.

###### 

Correlations and linear regression models for the relationships between Reception and Year 6 obesity prevalence, 2007--2010, and local authority IMD 2010 scores for local authorities that remained unchanged during that period (N=315)

               Reception   Year 6                                             
  ------------ ----------- -------- ------- --------- ------- ------- ------- ---------
  2007--2008   0.539       0.290    0.127   \<0.001   0.740   0.547   0.273   \<0.001
  2008--2009   0.611       0.373    0.136   \<0.001   0.737   0.543   0.265   \<0.001
  2009--2010   0.626       0.392    0.140   \<0.001   0.733   0.537   0.285   \<0.001

IMD, Indices of Multiple Deprivation.
